Background: In the United States, patients who enroll in chemotherapy trials seldom reflect the attributes of the general population with cancer, as they are often younger, more functional, and have less comorbidity. We compared survival following three chemotherapy regimens according to the setting in which care was delivered (ie, clinical trial vs usual care) to determine the generalizability of clinical trial results to unselected elderly Medicare patients.
article
Medicare spends billions of dollars annually on chemotherapy for treatment of elderly cancer patients, yet surprisingly little is known about its effectiveness for this large patient population (1) . National guidelines that identify first-line cancer site and stage-specific "standard of car" chemotherapy regimens are primarily informed by results of large, randomized clinical trials, which often enroll comparatively young and healthy patients (2, 3) . These guidelines are then applied, often without evidence, to treatment of age-eligible (or "elderly") Medicare patients with cancer who are treated in the usual-care setting (ie, outside of clinical trials). The dearth of realistic estimates of chemotherapy-related benefits may hinder informed treatment decisionmaking for such patients and their oncologists. Authors of the recent Institute of Medicine (IOM) report entitled "Delivering high-quality cancer care: Charting a new course for a system in crisis" highlight the critical need to "expand the breadth of data collected on cancer interventions for older adults and individuals with multiple comorbid conditions" (4) .
Consistent with the IOM's charge, we sought: 1) to estimate the generalizability of trial results to usual-care elderly Medicare patients and 2) to describe "real world" survival estimates following treatment of elderly Medicare patients with guideline-recommended regimens. Specifically, we compared the survival of patients with advanced pancreatic and lung cancers following treatment with the standard first-line chemotherapy regimens according to the setting in which treatment was delivered (ie, clinical trial vs Medicare usual care). These are rapidly fatal cancers and reporting survival time according to treatment setting provides needed prognostic information regarding these patients who are nearing the end of life at the time of diagnosis.
Methods
The research was approved by the Harvard Medical School Committee on Human Subjects, the Dana-Farber Harvard Cancer Center Institutional Review Board, the Duke University Institutional Review Board, and the Principal Investigators of each of the Surveillance, Epidemiology, and End Results (SEER) Registries.
SEER-Medicare Data
We used observational data from the National Cancer Institute's (NCI's) SEER-Medicare program to identify elderly Medicare patients who were treated with standard first-line chemotherapy regimens in the usual-care setting. Through the creation of a unique patient identifier, the NCI has made possible patient-level linkage of SEER cancer registry information to Centers for Medicare and Medicaid Services (CMS) health care utilization information for Medicare beneficiaries. The SEER program collects information regarding patients from geographically diverse registries in order to monitor trends in incidence and survival (5) . The program collects patient demographics and detailed information about the cancer diagnosis, including date of diagnosis, site, histology, stage, and date of death. Data include certain initial anticancer therapies.
Medicare is a federally sponsored health insurance program administered by CMS, the beneficiaries of which include more than 96% of all US citizens aged 65 years and older (1) . CMS maintains billing records of outpatient, inpatient, home health, hospice, and other claims for all beneficiaries not enrolled in risk contract health maintenance organizations (HMOs). For chemotherapy to be identifiable, patients must be eligible for Medicare part B. We required that between the time period of the first day of the month and year of diagnosis through six months following that date, SEER-Medicare patients could not be enrolled in an HMO. In addition, they had to be continuously enrolled in Medicare parts A and B for those six months to ascertain first-line intravenous chemotherapy use in the outpatient setting.
We used SEER data to identify all Medicare patients diagnosed alive in SEER registries at or after age 65 between 1993 and 2009 with advanced pancreatic cancer, extensive stage small cell lung cancer (ES SCLC), or stage IV non-small cell lung cancer (NSCLC). Patients were staged according to the SEER historic stage convention (6) . The sample was limited to patients with no known prior cancers documented in SEER. Supplementary Table 1 and Supplementary Figure 1 (available online) describe treatment restrictions. We then studied the Medicare patients' claims to identify those receiving firstline treatment with one of three chemotherapy regimens of interest (ie, gemcitabine (n = 4365), cisplatin/etoposide (CDDP/ VP16) (n = 1102), or carboplatin and paclitaxel (n = 8630) using previously validated methods (7). Supplementary Table 2 (available online) defines the treatment schedules. In an intent-to-treat approach, we required that the regimen of interest was the first chemotherapy regimen SEER-Medicare patients received following their cancer diagnosis (mirroring clinical trial requirements) and that all of the day-one chemotherapy drugs were administered on the same day using an approach we have described previously (7) . This eliminated patients treated on apparently nonstandard schedules. Supplementary Table 3 (available online) contains a description of the Medicare files and codes that we used to identify the regimens of interest.
Cancer and Leukemia Group B (CALGB) Data
We used data from the NCI-sponsored cooperative clinical trial group CALGB, now a part of the Alliance for Clinical Trials in Oncology, to identify patients with advanced pancreatic or lung cancers who were treated with standard first-line chemotherapy regimens in the clinical trial setting. All trial participants had signed informed consent for trial treatment. The CALGB represented a geographically disparate network of physicians, academic medical centers, and community hospitals. Data from the trials were collected and maintained centrally at the CALGB Statistical Center. Among the data collected in a consistent manner across all therapeutic trials was registration information, which included study number, participant identifiers, demographic and disease information, treatment information, and survival endpoints. We used data from the CALGB to identify clinical trial patients (of all ages) who were treated with standard first-line chemotherapy regimens as part of the control arm of phase III clinical trials. That is, we identified all CALGB study subjects with the same cancer sites, histology, and stages who were treated between 1998 and 2006 on a phase III trial containing a control arm that included the standard first-line chemotherapy regimens of interest. The corresponding studies are CALGB 80303, which included a single agent gemcitabine arm (n = 300) (8), CALGB 9732, which included a CDDP/VP16 arm (n = 349) (9), and CALGB 9730, which included a carboplatin and paclitaxel arm (n = 288) (10).
article Variables All-cause mortality, which was available in both data sources, served as the outcome variable. The essential predictor variable was treatment setting: clinical trial vs usual care. Demographic and disease variables were used to compare the cohorts by venue.
Statistical Approach
For each of the three tumor site-, histology-, stage-, and treatment-specific cohorts, we visualized and compared survival by treatment setting and usual-care Medicare patient age using the Kaplan-Meier (K-M) method and log-rank tests. All statistical tests were two-sided. Because the age distributions of clinical trial patients and elderly Medicare usual-care patients did not fully overlap, and because there were few and often incomplete covariables common to both data sources, multivariable analyses were not undertaken.
All analyses were performed using STATA 10 (STATA, College Station, TX) at Harvard Medical School. A P value of less than or equal to .05 was considered statistically significant.
Results

Covariables
On average, 42.5% of the usual-care elderly SEER-Medicare patients (43 397/102 046) received some chemotherapy during the six months following cancer diagnosis in the ambulatory setting. Among those patients, 32.5% (14 097/43 397) received one of the first-line regimens of interest, though there was considerable variation across cohorts in the percent of patients who received the regimen. Ten point five percent (1102/10 731) of ES SCLC patients received first-line CDDP/VP16, 32.5% (8633/26 256) of NSCLC patients received first-line carboplatin and paclitaxel, and 68.1% (4365/6410) of advanced pancreatic cancer patients received first-line single-agent gemcitabine. Consistent with the intent-totreat approach, 100% of each of the three cancer site-, stage-, and treatment-specific usual care cohorts were assumed to have received the treatment of interest if they had evidence of having received the drug combination of interest on day one. Table 1 shows that, compared with usual-care elderly Medicare patients, the clinical trial patients were on average approximately ten years younger. Supplementary Figure 2 (available online) contains a histogram depicting this difference. The usual-care and trial cohorts were similar with respect to patient sex, except that members of the NSCLC clinical trial cohort were more likely to be male than the usual-care Medicare cohort. On average, patients treated in the clinical trial setting were more likely to be African American and to reside in neighborhoods where a smaller proportion of residents had attended college.
Survival
The survival of Medicare patients relative to that of trial patients varied by age for each of the three cohorts as described in Table 2 and Figures 1-3 . Among elderly Medicare patients aged 65 to 74 years who were treated in the usual-care setting, median survival times did not differ in a statistically significant manner from those of clinical trial patients (ie, 4.8 vs 5.8 months following treatment with single agent gemcitabine for advanced pancreatic cancer, P = .37; 7.7 vs 8.9 months for advanced NSCLC, P = .70; and 9.5 vs 10.2 months following treatment with CDDP/VP16 for ES SCLC, P = .99). Supplementary  Figure 3 (available online) contains the survival distribution of the SEER-Medicare patients by site, histology, stage, and treatment cohort. article However, following the same treatments, the Medicare patients aged 75 years or older who were treated in the usualcare setting generally had shorter median survival times (Table 2) . That is, among Medicare patients aged 75 years or older who were treated in the usual-care setting, median survival times were six to eight weeks shorter than those of clinical trial patients (ie, 4.3 vs 5.8 months following treatment with single agent gemcitabine for advanced pancreatic cancer, P = .03; 7.3 vs 8.9 months following treatment with carboplatin and paclitaxel for stage IV NSCLC, P = .91; 8.2 vs 10.2 months following treatment with CDDP/VP16 for ES SCLC, P ≤ .001).
These P values pertain only to log-rank test survival distribution comparisons of clinical trial patients with usual-care Medicare patients aged 75 and older. The differences were statistically significant for the pancreatic and ES SCLC, but not for the NSCLC, patients.
Sensitivity Analyses
We reevaluated survival differences across cohorts after limiting SEER-Medicare patients to just those patients whose treatment was started in the years in which their corresponding trial patients' treatment was started (Supplementary Table 4 ). For the pancreatic cancer cohort and the ES SCLC cohort, median survival times associated with the limited years of data were generally similar to the survival times from the full years of analyses, with the exception of loss of statistical significance, which is likely because of the power to detect meaningful differences with smaller sample sizes. However, for the stage IV NSCLC cohort, survival was appreciably shorter for the Medicare patients, particularly the patients who were aged 75 years or older at the time of treatment, where their median survival was 6.0 months and the trial patients 8.9 months, almost three months longer. Medicare patients aged 65 to 74 years had median survival times of 6.9 months. For these analyses, P = .02 for the comparison across the three groups, whereas for the full analysis the clinical differences were smaller and not statistically significant.
Discussion
The median survival times of usual-care elderly Medicare patients, as compared with those of trial patients, often differed clinically and statistically significantly by Medicare patient age at the time of treatment. That is, for Medicare patients who were aged 65 to 74, median survival times were not statistically significantly shorter than those of trial patients. In contrast, for Medicare patients who were aged article 75 or older, median survival times were approximately six to eight weeks shorter than those of trial patients in each of the three cohorts; in two of the three cohorts (ie, advanced pancreatic cancer treated with gemcitabine and ES SCLC treated with cisplatin/VP16), these differences were clinically and statistically significant (ie, P ≤ .05). In short, the results: 1) suggest that clinical trial results may overestimate the expected survival for older Medicare patients with advanced pancreatic cancer and lung cancers and 2) may provide potentially useful prognostic information for future Medicare patients' and their oncologists' treatment decisionmaking. Prognostic misunderstanding in clinical oncology is rife among patients, physicians, and families, particularly as patients near the end of life, and these estimates may be better tailored for this population of patients (11) (12) (13) (14) (15) (16) . Therefore, this study and these results "expand the breadth of data collected on cancer interventions for older adults" as called for by the IOM and therefore have the potential to better inform the clinical care delivered to elderly Medicare patients with cancer (17) .
Importantly, for the Medicare lung cancer cohorts who were known to receive some form of chemotherapy, only 10% of Medicare patients with ES SCLC and only 30% of Medicare patients with stage IV NSCL cancer were treated with the firstline, guideline-recommended therapies we evaluated. This is not entirely surprising, as a prior meta-analysis showed that patients with ES SCLC who were over 70 years of age and treated with carboplatin-based therapies had a trend toward a lower hazard of death compared with those treated with carboplatinbased therapies, something that may have influenced treating oncologists in the community (18) . Nor is it surprising that 30% (rather than 100%) of patients with stage IV NSCLC received article carboplatin/paclitaxel given that there are multiple guidelineendorsed first-line platinum-based doublet therapies that have been shown to be equivalent to carboplatin/paclitaxel in clinical trials (19) . In addition, single agents such as navelbine have been shown to be an efficacious alternative in elderly patients (19, 20) .
An important limitation of this study is that the factors mediating the survival differences between patients treated in these different settings are not discernible through examination of unadjusted Kaplan-Meier curves. However, based on the samples' age differences and the well-described force of mortality associated with age, it is not surprising that elderly Medicare patients have shorter survival times (21) . Age is also related to comorbidity and declining functional status, which can exert their own forces of mortality on individuals with or without cancer (22) (23) (24) . Elting and colleagues previously compared attributes of trial and nontrial patients and found that trial patients were younger, had better performance status, had less medical comorbidity, and were more often male (25) . Gross and colleagues showed that participants in cooperative group trials had higher SES and were less often African American than unselected elderly cancer patients from SEER-Medicare data (26, 27) . Because Gross did not require SEER-Medicare comparators to have been treated with chemotherapy, our findings that usual-care Medicare patients who were treated with guideline-recommended chemotherapy resided in higher SES areas than trial patients and that, in two of the cohorts, they were more likely to be African American does necessarily not contravene his findings. These differences in the sociodemographic characteristics of the cohorts may arise if patients who live in lower SES areas or who are African American are less likely to receive standard chemotherapy as we defined it. In fact, undertreatment of patients from resource-poor communities and from disadvantaged minority groups, including African American patients, is well described in observational research with SEERMedicare data (28) (29) (30) (31) (32) (33) (34) (35) (36) .
Another limitation of the study is that we did not measure use of second-line therapies. Attributing survival differences between trial and nontrial patients exclusively to first-line therapies may be incorrect if trial patients are more likely than usual-care patients to subsequently receive efficacious secondline chemotherapy. Additionally, study patients may derive clinical benefit from their participation in trials (the so-called "trial effect"), or from treatment at centers of excellence that are more likely to conduct and enroll patients in clinical trials (37) (38) (39) .
Finally, because individual drug names are not included in Medicare inpatient files, we studied only those usual care patients who underwent their first treatment in the ambulatory setting. Our results therefore may only generalize to the more than 85% of Medicare patients whose treatment is initiated in the ambulatory setting (7) .
In applying these findings to any age group, it is essential to recognize that there is heterogeneity in important attributes like functional status, comorbidity, and general health status. Experts in geriatric oncology therefore advocate for comprehensive geriatric assessments that take into account many of these factors and that can assist in selecting patients for treatment, including participation in clinical trials (40, 41) . Given the similarly in survival between Medicare patients aged 65 to 74 years and the trial patients we studied, physician selection for usual-care treatment appears to have been reasonable.
In summary, our results suggest results of clinical trials in advanced pancreatic and lung cancer patients are generalizable to Medicare patients aged 65 to 74 years who are deemed candidates for chemotherapy by their treating oncologist. In contrast, for Medicare patients 75 years or older with the three diseases studied here, trial results tend to overestimate survival by six to eight weeks. These "real world" results may help inform treatment discussions between older patients with these common advanced cancers and their oncologists.
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